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Abstract 
Background 
Cataract is a leading cause of childhood blindness in East Africa, and high quality 
surgical centers are increasingly responding to this challenge. Despite evidence 
concerning the ongoing risk of secondary glaucoma after lensectomy, little is known of 
the incidence of secondary glaucoma after pediatric cataract surgery in East Africa. We 
sought to evaluate the frequency and predictors of secondary glaucoma as well as the 
present adequacy of long term follow-up in this setting. 
Methods 
We retrospectively reviewed the medical records of all children who underwent surgery 
for congenital or developmental cataract between 2003 and 2005 at the Kilimanjaro 
Christian Medical Centre. We calculated the incidence of secondary glaucoma for the 
cohort and utilized logistic regression to evaluate potential risk factors. 
Results 
Cumulative incidence of glaucoma at 3 years was 6.46%, and the annual incidence rate 
was 2.01 cases per 100 operated eyes. Only total time of follow-up and absence of 
primary IOL implantation were significantly associated with postoperative glaucoma. 
Conclusion 
As cataract surgical rates continue to increase and centers in East Africa progress 
toward the goals of VISION 2020, renewed effort must be directed toward the long term 
postoperative care of all children undergoing operation for pediatric cataract. 
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Introduction 
Little is known regarding the incidence of secondary glaucoma in African children 
following surgery for congenital or developmental cataract. Studies from other parts of the world 
indicate annual incidence rates between 0 and 7. 72 cases per 100 operated eyes, but 
distinctive elements of the African setting restrict the external validity of these data_1-16 
Economic, cultural, and geographic factors impede follow-up and surveillance for complications 
after surgery, and differences in surgical practice distinguish African pediatric cataract programs 
from those in other regions. 17 Primary intraocular lens implantation in even the youngest eyes 
is becoming increasingly prevalent in Africa as a reliable means for obtaining sufficient refractive 
correction, though the effect of this practice on risk for future glaucoma is uncertain8 • 13· 18-20 
Cataract is a principal cause of childhood blindness in East Africa 21 In response to this 
challenge and the objectives of Vision 2020: the Right to Sight, new tertiary referral centers 
providing high quality pediatric cataract operations have been established in sub-Saharan Africa 
over the past decade. 22 As cataract surgical rates continue to increase, the importance of 
understanding the potentially serious and ongoing threat of glaucoma after pediatric cataract 
surgery should not be underestimated. 
Our principal aim in conducting this study was to determine the incidence of secondary 
glaucoma following pediatric cataract surgery in an East African population. Additionally, we 
sought to evaluate associations of potential risk factors with the eventual development of 
glaucoma and to assess the adequacy of long term follow-up after operation. 
Methods 
We retrospectively reviewed the medical records of all children who underwent surgery 
for congenital or developmental cataract before age 18 and between January 1, 2003 and 
December 31, 2005 at the Kilimanjaro Christian Medical Centre Department of Ophthalmology. 
I 
The study time interval was selected based on the availability of medical records and in order to 
ensure potential for at least 3 years of follow-up for all patients. 
The KCMC Department of Ophthalmology, located in Moshi, Tanzania, is one of two 
tertiary pediatric ophthalmology centers in the country, serving a population of approximately 12 
millionu, 23 Fellowship-trained ophthalmologists and residents provide these referral services as 
well as routine eye care for the 2 million residents in surrounding districts. In 2003, the KCMC-
associated Kilimanjaro Centre for Community Ophthalmology (KCCO) initiated a comprehensive 
pediatric cataract program, including community screening, provision of surgery, and ongoing 
follow-up, all provided at no cost to the patient to encourage utilization of the available pediatric 
cataract services. 17 
Cataract surgery at the KCMC Department of Ophthalmology routinely includes posterior 
capsulotomy and anterior vitrectomy. Lens implantation in the bag is the goal but is not always 
achieved. Alternatively, lenses are sulcus fixated, a proportion involving optic capture by the 
capsule while the haptics remain in the sulcus. 
Eyes with traumatic cataract or documentation of any one of the following conditions 
were excluded from the study; ocular neoplasm, preoperative glaucoma, anterior dysgenesis, 
anterior uveitis, rubella, Stickler syndrome, Lowe syndrome, trisomy 13, vitreous hemorrhage, 
aniridia, lens subluxation, and steroid exposure. Demographic and perioperative information 
abstracted from the chart included medical record number, birth date, sex, age at which cataract 
was first noted, operated eye, presence of bilateral cataract, preoperative visual acuity, 
preoperative nystagmus, preoperative strabismus, microophthalmia, date of lensectomy, 
primary intraocular lens (IOL) implantation, postoperative fibrin, and subsequent eye operations. 
For 1, 2, and 3 year follow-up visits as well as the most recent clinic visit, recorded information 
included the date of visit, uncorrected and corrected visual acuity, spectacle requirement and 
prescription, intraocular pressure (lOP), cup-to-disc ratio, and clinical glaucoma diagnosis as 
recorded in the chart. All information was recorded on a standardized data collection form. To 
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ensure adequate threshold sensitivity and enable comparison with other similar studies, the 
primary outcome of glaucoma was defined as lOP measurement :2:26 mmHg on at least two 
occasions or documented clinician decision for surgical or permanent medical glaucoma 
therapy. 
All statistical analyses considered eyes the unit and were undertaken utilizing STAT A 
software version 10.0 (StataCorp, College Station, TX, USA). The STAT A cluster function was 
employed with logistic regression models to account for intrasubject correlation. Following 
conventional univariate analysis of all variables, the incidence rate of postoperative glaucoma 
was determined for the study cohort. Cumulative incidences and confidence intervals for 
glaucoma at 1, 2, and 3 years were derived from Kaplan-Meier glaucoma-free survival analysis. 
As age at lensectomy was a risk factor of particular interest for the study's primary outcome, 
descriptive characteristics and incidence calculations were also stratified by surgery before or 
after 9 months of age. 11 · 14• 16 
Bivariate analyses examined associations between eventual development of glaucoma 
and suspected risk factors, employing unconditional logistic regression to determine odds ratios 
for each variable of interest. Potential risk factors for secondary glaucoma following cataract 
surgery were selected based on the extant literature as well as the availability of information in 
the medical record. Factors evaluated included presence of bilateral cataracts, primary IOL 
implantation, microophthalmos, preoperative nystagmus, preoperative strabismus, 
postoperative fibrin, age at which cataract was first noted, age at surgery, and time from 
cataract noted to surgery4 · 6· 11 · 13· 24 Further bivariate analyses examined associations between 
all pairs of suspected risk factors, utilizing Pearson's Chi-square, Spearman's Correlation, and 
Wilcoxon Rank-sums to assess for potential confounding relationships. 
To examine factors associated with duration of follow-up greater than 3 years, separate 
bivariate logistic regression models were constructed for each potential predictor. Multivariate 
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logistic regression modeling was omitted from statistical analysis as low measured incidence 
rendered risks for model instability and overfilling unacceptably high. 
Approval from the Kilimanjaro Christian Medical Centre (KCMC) Ethics Committee and 
University of North Carolina- Chapel Hill Institutional Review Board were obtained prior to 
initiation of the study. 
Results 
Of the 310 eyes operated during the study period, 70 eyes with traumatic cataract and 
18 eyes with other disqualifying conditions were excluded. Two-hundred-twenty-two patients' 
eyes met inclusion criteria and composed the final study cohort; summary characteristics are 
presented in Table 1. One-hundred-thirty-nine eyes (62.9%) belonged to male patients, 211 
(95.5%) underwent primary IOL implantation, 15 (6.8%) were microophthalmic, and 35 (15.8%) 
had unilateral cataracts. Cataracts were first noted at a median age of 6 months (range, birth-
13.0 years) and operated at median age 6.6 years (range, 2.3 months-16.9 years). Median time 
of follow-up was 7.8 months (range, 1 week-5.2 years), and 105 (47.5%), 63 (28.5%), and 52 
(23.6%) patients' eyes were available for 1, 2, and 3 year postoperative evaluation, respectively. 
Postoperative glaucoma developed in a total of 6 eyes during the study period; median 
time to glaucoma was 21.9 months (range, 2.8 months-4.3 years). Cumulative incidence of 
glaucoma at 1 and 3 years was 2.52 (95% Cl, 0.81-7.69) and 6.46 (95% Cl, 2.52-16.02) cases 
per 100 operated eyes (Table 2). The postoperative glaucoma incidence rate for the cohort was 
2.01 cases per 100 person-years of follow-up. 
When eyes were stratified by surgery before or after 9 months of age, important 
differences emerged with respect to several parameters. Eyes operated before 9 months of age 
were significantly (p<0.05) less likely to receive an IOL, more likely to be microophthalmic, more 
likely to have preoperative nystagmus, and more likely to receive longer follow-up (Table 1). 
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Results of further bivariate analyses examining the associations between potential risk 
factors and eventual development of glaucoma are presented in Table 3. Primary implantation 
of IOL was significantly protective against the development of postoperative glaucoma (OR 
0.08, p=0.01), whereas longer duration offollow-up was associated with an increased risk of 
glaucoma (OR 1.62, p=0.04). Patient age at time of surgery was not significantly associated 
with the development of glaucoma (OR 0.90, p=0.37). 
Logistic regression analysis examining potential factors associated with longer follow-up 
revealed several significant relationships. Of the variables analyzed, presence at 1 year follow-
up (OR 9.17, p<0.001), spectacles at 1 year follow-up (OR 3.57, p=0.04), and spectacles at 
most recent visit (OR 3.92, p=0.007) were each associated with patient follow-up continuing at 
least 3 years after lensectomy (Table 4). 
Assessment for potential confounding relationships revealed several noteworthy 
associations. Eyes with bilateral cataract were more likely to have an IOL implanted (96.8% vs. 
88.6%, p=0.03), whereas microopthalmic eyes were less likely to receive an IOL (80.0% vs. 
96.6%, p=0.003) and more likely to undergo surgery before 9 months of age (66.7% vs. 12.6%, 
p<0.001). Eyes undergoing lensectomy before 9 months were less likely to receive an IOL 
(15.2% VS 84.8, p=0.04). 
Discussion 
The study cohort's annual glaucoma incidence rate of 2.01 cases per 100 operated eyes 
falls within the interquartile range of annual incidence rates derived from the extant literature 
referenced previously, but is modestly less than the median rate of 3.10 cases per 100 operated 
eyes. One possible explanation for this lower incidence is the notably higher rate of primary IOL 
implantation in this cohort (95.5%) compared with that reported in the majority of other studies. 
Though some authors cite higher complication rates as potential grounds for avoiding 
implantation of intraocular lenses in infant eyes, the prevalence of IOL implantation in this cohort 
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reflects agreement with Yorston and colleagues who note the difficulty of obtaining reliable 
refractive correction for aphakic eyes in an East African setting 4 · 18· 19· 25~27 Such prevalence 
also accords with several recent reports suggesting the protective effect of IOL implantation 
against glaucoma development, an effect perhaps partially responsible for the decreased 
incidence found within the study cohort8 · 13 
Another similarly plausible explanation for the lower incidence rate involves the 
possibility of underdiagnosis. Despite an intentionally sensitive case definition, the decided 
difficulty of obtaining consistently reliable retinal examinations and intraocular pressure readings 
in young children, along with the potential for initially asymptomatic glaucoma, reserve the 
possibility that true incidence was higher than measured .a, 12 As several authors have proposed 
alternative intraocular pressure thresholds for the definition of glaucoma, it is noteworthy that 
lOP thresholds as low as 19mmHg did not result in the reclassification of any of the eyes in the 
cohort2, 7, 8, 10, 11, 25,28 
Various risk factors for postoperative glaucoma have been reported in the literature, 
many of which were evaluated in the present study and several of which were corroborated as 
predictive of glaucoma. Primary IOL implantation, found by Asrani and others to be protective 
against glaucoma, was significantly associated (p=0.01) with a lower risk of glaucoma 8 • 13 
Likewise, total time of patient follow-up, a parameter suggested recently by Swamy and 
colleagues as an important predictor for glaucoma, was significantly correlated (p=0.04) with the 
development of glaucoma in this study cohort. 16 
Chak and coworkers recently demonstrated the predictive value of age at detection of 
cataract for the development of future glaucoma, noting the frequent correlation of this 
parameter with previously demonstrated risk factors. 6 However, the present study found no 
significant association (p=0.48) between age of detection of cataract and eventual development 
of glaucoma , Similarly, other studies have evaluated the relationship between bilaterality and 
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subsequent glaucoma, reporting either no association or an increased risk of postoperative 
glaucoma with bilateral cataracts; our study found no significant association 4 · 11 • 14· 16 
Given the importance of ongoing surveillance for secondary glaucoma following 
childhood cataract surgery, the results of follow-up analysis were particularly concerning. 9· 14· 16 
Despite counsel to return for ophthalmic examinations on at least a yearly basis following the 
more frequent examinations of the immediate postoperative period, only 48, 29, and 24 percent 
of patients presented for follow-up care at 1, 2, and 3 years respectively. Studies by Eriksen, 
Yorston, and others outline several of the major barriers to ongoing follow-up care in East 
Africa, citing poverty, competing priorities, and prohibitive incidental costs as realities which 
many patients' families encounter daily. 17· 19 Families bringing patients for follow-up visits at the 
KCMC Department of Ophthalmology receive monetary reimbursement to assist with 
compensation for some of these factors, yet long-term follow-up rates remain low. 
In an attempt to illumine possible barriers to ongoing follow-up as well as potential 
means for improving long-term care, a secondary analysis examined the available data for 
associations with duration of follow-up. Of the factors analyzed, only presence at 1 year follow-
up, spectacles at 1 year follow-up, and spectacles at the most recent visit were significantly 
predictive (p<0.05) of ongoing patient follow-up more than 3 years after lensectomy (Table 6). 
As these results provide only minimal insight for improving follow-up in the future, further 
analyses will be required. 
Suggested follow-up initiatives worthy of piloting include proactive counseling, 
monitoring, and contacting programs, which have been demonstrated in the short-term to 
improve the frequency of postoperative care after cataract surgery.29 Other suggested 
initiatives seek to place greater emphasis on refraction and spectacle provision, as these 
appear to be associated with improved follow-up. Correct refraction, including the provision of 
near correction, not only maximizes visual potential but also increases the likelihood that 
patients will present for ongoing follow-up as they come for spectacle change. With these and 
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other proposals for systematically improving long-term postoperative care after pediatric 
cataract surgery in East Africa, ongoing creative thought and redoubled effort will undoubtedly 
be requiredu 
Interpretation of our findings is limited by potential selection bias resulting from the poor 
follow-up outlined above, as well as the limited availability of subjects for analysis. Though the 
222 eyes considered here provide a moderate sample size, negative results should be 
interpreted with caution. Further, the potential for underdiagnosis of glaucoma suggests that 
incidence rates reported here are possible underestimations. 
Conclusions 
In demonstrating both the significant incidence of postoperative glaucoma in an East 
African population as well as the current reality of inadequate long-term follow-up, the results of 
our study suggest the need for new efforts to improve long-term postoperative care. As cataract 
surgical rates continue to increase and centers in East Africa progress toward the goals of 
VISION 2020, thorough consideration should be given to the long term postoperative care of all 
children undergoing cataract operations. 
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Table 1 -Characteristics for the Overall Cohort of Eyes, and Stratified by Age at Lensectomy 
Before or After Nine Months of Age§ 
Characteristic Overall Surgical Surgical 
Cohort Age<9 Age>9 
(n=222) (n=36) (n=186) 
Sex, no.(%) 
Male 139 (62.9) 21 (58.3) 118 (63.8) 
Female 83 (37.1) 15 (41.7) 68 (36.2) 
Laterality- no. (%) 
Right 108 (48.9) 17 (47.2) 91 (49.2) 
Left 114 (51.1) 19 (52.8) 95 (50.8) 
Bilateral cataracts* - no. (%) 
Bilateral 187 (84.2) 34 (94.4) 153 (82.2) 
Not bilateral 
Pdmt'll)' IOL implaclted*- no:(%) 
35 (15.8) 2 (5.6) 33 (17.8) 
IOL implanted 211 (95.5) 32 (88.9) 179 (96.8) 
I,Olnot implanted 11 (4.5) 4 (11.1) } (3.2) 
;,~re;~.ii#rative nystagmus~'~i1o. 
"'(o/o )c~i ,; 
Nystagmus 54 (24.4) 14 (38.9) 40 (21.6) 
.~o nystagmus 
Preoperative strabisll"IJ;J:$':'- no. {%) 
168 (75.6) 22 (61.1) 146 (78.4) 
Strabismus 35 (15.8) 5 (13.9) 30 (16.2) 
No strabismus 
Postoperative fibrin ell().(%) 
187 (84.2) 31 (86.1) 156 (83.8) 
Fibrin 27 (12.2) 3 (8.3) 24 (13.0) 
No fibrin 
@ic~Qbphthalmos*- no.(%) 
195 (87.8) 33(91.7) 162 (87.0) 
Microophthalmos 15 (6.8) 10 (27.8) 5 (2.7) 
No microophthalmos 207(93.2) 26 (72.2) 181 (97.3) 
Age (months) at which cataract 6 (0,36) 0 (0, 1.3) 12 (0,48) 
noted* -m.edian (IQR) 
Time (months) from cataract 35.5 (9.9,87.8) 3.5 (2.4,5.2) 52 (24.2, 1 03.5) 
noted to surgery*- median (IQR) 
Total time (months) of follow-up*- 7.8 (0.9,32.4) 32.9 (16.5,46.0) 4.2 (0. 7,24.5) 
median (IQR) 
§ Significance tests for comparisons between age at lensectomy before or after nine 
months of age based on Pearson's chi-square test for categorical patient characteristics 
and Wilcoxon rank-sum for continuous patient characteristics 
* p<0.05 
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Table 2- Cumulative Incidences* of Secondary Glaucoma at 1, 2, and 3 Years after 
Lensectomy, and Stratified by Surgery Before or After 9 Months§ 
Overall Cohort Surgical Age<9 Surgical Age>9 
1 Year 2.52 (0.81' 7,69) 3.12 (0.45, 20.18) 2.23(0.56, 9.13) 
3Year 6.46 (2.52, 16.02) 14.90 (4.84, 40.87) 2.23 (0.56, 9.13) 
* Cases of secondary glaucoma per 1 00 operated eyes, 
§ Cumulative incidences and 95% confidence intervals derived from Kaplan-Meier 
glaucoma-free survival plot 
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Table 3- Odds Ratios Evaluating Potential Risk Factors for the Development of Secondary 
Glaucoma§ 
Variable Odds Ratio (95% Cl) p 
Male sex 3.02 (0.32, 28.79) 0.34 
Left eye 1.94 (0.48, 7.91) 0.35 
Bilateral 0.17 (0.03, 1.16) 0.07 
IOL implanted* 0.08 (0.01, 0.59) 0.01 
Preop nystagmus 0.61 (0.07, 5.68) 0.67 
Preop strabismus 1.06 (0.11, 1 0.35) 0.96 
Postop fibrin 1.45 5, 14.13) 0]5 
Microophthalmos 2.87 (0.32, 26.08) 0.35 
Age at which cataract 1.07 (0.81, 1.42) 0.62. 
(year increase) 
Age at surgery 0.90 (0.72, 1.13) 0.37 
(year increa~~) 
0.72 0.22 Time fr?m · cat~~act ~otea"rt6 surgery (0:43, 1.21) 
(ye<Jr incre~$'e) · · · 
Total time of follow-up* 1.62 (1.02, 2.56) 0.04 
(year increase) 
§Adjusted for intrasubject correlation 
* p<0.05 
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Table 4- Odds Ratios Evaluating Potential Predictors of Follow-up Duration Greater than Three 
Years§ 
Variable 
Male sex 
Left eye 
Bilateral 
IOL implanted 
Preop nystagmus 
Preop strabismus 
Postop.fibrin 
Microophthalmos 
~g~ atwhich cataract noted 
:.·(year incre<J.se) 
Age at surgery 
(year increase) 
Time from cataract noted to sur,g~[y 
(year increase) ~·;.g: 
Present at 1 year follow-up* 
Specfa¢1e~ ah1 y~aff611ow-op* 
Spectacles at most recent follow-up* 
§Adjusted for intrasubject correlation 
* p<0.05 
Odds Ratio (95% Cl) 
0.97 (0.39, 2.46) 
1.28 (0.91' 1.79) 
2.74 (0.76, 9.88) 
0.51 (0.11' 2.29) 
1.00 (0.37, 2.70) 
0.89 (0.34, 2.31) 
1.00 (0.34, 2.92) 
1.66 (0.32, 8.58) 
(0.82, 1.1 0) 
0.95 (0.86, 1.05) 
0.97 (0.86, 1.1 0) 
9.17 (3.11' 26.95) 
3.57 (1:68, 11.80) 
3.92 (1.45, 10.62) 
p 
0.95 
0.15 
0.12 
0.38 
0.99 
0.82 
0.99 
0.55 
0.48 
0.35 
<0.001 
0.04 
0.007 
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Appendix A- Background - Childhood Cataract in East Africa 
Childhood blindness 
Global prevalence of childhood blindness is estimated at 0. 75 cases per 1000 children, a 
figure roughly one tenth of that measured in adults.1·2 Though the approximately 1.4 million 
blind children worldwide represent a relatively small fraction of total global blindness, the burden 
of disease attributable to childhood blindness is proportionally much greater. 1·3 As many as 60 
percent of blind children die within one year of becoming blind, and those who survive beyond 
childhood live an average of 40 years without sight. 4•5 Such devastating statistics explain why 
childhood blindness accounts for a full third of the economic cost of blindness worldwide and 
why the World Bank has recognized various interventions targeting causes of childhood 
blindness as some of the most cost effective ($4-$200 per DALY) available 4 ·6 Estimates 
indicate that between 50 and 70 percent of childhood blindness might be successfully averted 
with the implementation of available primary, secondary, and tertiary prevention strategies2 •3 
Cataract as a leading cause of childhood blindness 
Congenital and developmental cataract are leading and increasingly important causes of 
global childhood blindness. Approximately 200,000 children are blind as a result of childhood 
cataract, and a further 20,000 to 40,000 children are born with cataract each year.7·8 The 
proportion of childhood blindness attributable to cataract varies by world region and 
development status but is dramatically higher in low-income and very-low income countries. 9 
According to recent studies conducted at schools for the blind in developing countries, 
measured prevalence of blindness secondary to cataract is highest in Bangladesh, where 
32.5% and 27.3% of childhood blindness are attributable to lens abnormalities and unoperated 
cataract, respectively.3·5 
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Childhood cataract in East Africa 
Cataract is also a leading cause of childhood blindness in East Africa, where it is 
growing in relative importance as blindness from other causes, especially measles and vitamin 
A deficiency, gradually diminishes. Surveys in schools for the blind in Kenya and Uganda found 
that 9.1% and 27.6% of blind children, respectively, had an unoperated cataract 10 A recent 
study from Uganda demonstrated that blindness from cataract had indeed surpassed all other 
causes as the most frequent cause of childhood blindness in the evaluated area, an occurrence 
likely replicated in other parts of East Africa-" 
In a paper published last year, Courtright and colleagues provide robust estimations of 
the present cataract frequency in Tanzania.12 Taking into account numbers from developing 
countries with extremely limited pediatric cataract services and no reliable immunization against 
rubella, they postulate that prevalence of childhood blindness due to cataract is approximately 
80 to 100 blind children per one million population, or between 2720 and 3400 children in a 
country the size of Tanzania (approximately 34 million). Estimates of incident cases take into 
account the current Tanzanian birth rate of 36 per 1000 as well as conservative approximations 
of six to nine cases of bilateral congenital cataracts per 10,000 live births and half that number 
acquiring developmental cataract to derive an approximate annual incidence of 40 to 58 cases 
per million population. 12 As many of the assumptions employed for these estimations are also 
valid in nearby countries, the prevalence and incidence estimates provided by Courtright 
maintain good external validity in neighboring settings around East Africa. 
Childhood cataract in the context of VISION 2020 
Recent prevention efforts targeting blindness due to childhood cataract have been 
bolstered by the implementation of VISION 2020: The Right to Sight, a global initiative for the 
elimination of avoidable blindness, launched jointly by the World Health Organization and the 
International Agency for the Prevention of Blindness. As affirmed in its mission statement, 
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VISION 2020: The Right to Sight intends to "eliminate the main causes of avoidable blindness 
by the year 2020 by facilitating the planning, development, and implementation of sustainable 
national eye care programmes based on the three core strategies of disease control, human 
resource development and infrastructure and technology, incorporating the principles of primary 
health care."13 
In accordance with these objectives and taking into consideration the most significant 
causes of worldwide blindness, the initiative has designated five "priority diseases," one of 
which is childhood blindness, given the significant associated burden. Though many African 
countries have included childhood blindness in national-level five year VISION 2020 plans, more 
specific, district-level (1-2 million population) implementation planning has been sporadic, 
leading to inconsistent efforts toward national VISION 2020 childhood blindness objectives. 14 
In May 2007 experts from a number of disciplines assembled at the Kilimanjaro Centre 
for Community Ophthalmology in Moshi, Tanzania in order to review the current state of 
cataract treatment efforts in East Africa and to develop strategies for consolidating efforts 
through collaboration with national VISION 2020 planning. In order to ensure appropriate 
inclusion of childhood cataract in national VISION 2020 plans, the panel of experts suggested 
six straightforward steps necessary for inclusion with national plans to address childhood 
cataract: 1) Existing Child Eye Health Tertiary Facilities (CEHTF), with clearly demarcated 
catchment areas of approximately 10 million, should be recognized; 2) The capacity of each 
CEHTF for offering necessary services (referral, surgery, refractive services, low vision 
services) should be evaluated and shortcomings cataloged; 3) Long term plans should be 
developed for establishing CEHTF where facilities currently do not meet population needs; 4) 
Training opportunities for all CEHTF team members should be acknowledged; 5) Basic plans for 
identification and follow-up of all children with cataract should be delineated; 6) A system for 
monitoring utilization of the CEHTF by children with cataract should be implemented.14 The 
establishment of these straightforward objectives as well as other more specific 
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recommendations marked a significant step in the ongoing collaborative efforts to eliminate 
cataract-related childhood blindness in East Africa. 
Specific causes of blindness from childhood cataract and how these might be addressed 
As planning and implementation of childhood cataract programs throughout East Africa 
continue, the specific causes of blindness from cataract as well as factors associated with these 
causes must be taken into consideration. As many have noted, blindness from childhood 
cataract is generally due to one of three basic causes; delayed presentation for surgery, 
unavailable or inadequate surgical services, and inadequate follow-up. Fortunately, recent 
research sheds light on factors associated with each of these elements. 
As prompt restoration of visual axis integrity is especially critical for the prevention of 
blindness and poor visual outcomes in young eyes, surgery for cataract should usually be 
conducted as soon as possible after a cataract has been recognized. Regrettably, however, 
this is often not the case in East Africa and other parts of the developing world. In a recent 
Tanzanian study investigating the delay in presentation for childhood cataract surgery, Mwende 
and coworkers found that median delays from recognition of congenital or developmental 
cataract to presentation at a hospital were 9 and 24 months respectively, time periods sufficient 
to alter visual prognosis dramatically. 15 Factors significantly predictive of delay in presentation 
included presence of developmental cataract, long distance between patient's home and 
hospital, and low socioeducational status of the mother, leading investigators to suggest 
educational efforts specifically targeting remote communities and those with low overall 
socioeducational status. 15 
Initiatives in East Africa and other parts of the developing world have explored the 
potential utility of key informant systems for improving the prompt referral of children for cataract 
surgery. 16·17 Given the failure of previous school-based and other referral systems and the 
reported success of the key-informant system in Bangladesh, Kalua and colleagues recently 
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piloted such a system in Malawi. 16 Chosen for their positions as well-connected and influential 
community members, key informants were highly successful in identifying blind children within 
their communities. These and other new referral programs show promise for minimizing delay 
in presentation for surgery in the future. 
Recognition of childhood cataract and referral for treatment are both of no use if 
pediatric eye health services are not available for formal diagnosis, treatment, and follow-up of 
. 
each patient. As the adequacy of pediatric ophthalmology services and the actual practices and 
surgical rates of ophthalmologists throughout East Africa have long been in question, Courtright 
and colleagues recently suggested and demonstrated the value of an annual childhood cataract 
surgical rate (CCSR) as a standardized method for measuring childhood cataract surgical 
services-" Such a tool not only allows for assessment of current services but also provides 
standardized means by which to monitor progress in the future. Extensive implementation of 
such reliable measurement in all parts of East Africa represents a vital step in moving toward 
the childhood cataract objectives associated with VISION 2020. 
In determining childhood cataract surgical rates in Tanzania and thereby assessing the 
current adequacy of childhood cataract services, Courtright found, as many expected, that the 
vast majority of childhood cataract operations were conducted at one of two child eye health 
tertiary facilities in Tanzania.12 The minority of other ophthalmologists and cataract surgeons 
completing pediatric cataract operations during the three year study period reported annual 
surgical rates often less than 5 per year. Given the growing body of international evidence that 
surgical outcomes for a wide range of procedures are consistently better at centers performing a 
high number of operations, and given the distinct advantages in training, resources, and volume 
characteristic of CEHTFs relative to their smaller counterparts, the World Health Organization 
and other international eye health authorities agree that pediatric cataract operations should be 
conducted at an identified CEHTF whenever possible. 18 
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Finally, in addition to preventing blindness from cataract by improving timely recognition 
and referral for high-quality surgical attention, much effort must also be directed to the 
postoperative care of each child undergoing lensectomy. Without adequate spectacle fitting, 
low-vision correction, and monitoring for postoperative complications, eyes with restored 
potential for excellent vision can still be lost to suboptimal outcomes including permanent 
blindness. In the first formal study dedicated to the examination of postoperative follow-up after 
surgery for childhood cataract in East Africa, Eriksen and colleagues found that only 66.9% and 
42.9% of children attended their 2 and 10 week follow-up visits, respectively. 19 In this study 
cohort, male sex, proximity to a hospital, and minimal delay in presentation for surgery were 
each predictive of attendance at two week follow-up visit, whereas proximity to a hospital and 
better (not blind) preoperative vision were predictive of attendance at the 10 week follow-up 
visit. 
Given the unsurprising correlation of proximity to a hospital with better follow-up, several 
CEHTFs in East Africa are now providing reimbursement to patients to assist with travel 
expenses and associated incidental costs. Other piloted initiatives designed to improve patient 
attendance for postoperative care include a proactive counseling, monitoring, contacting 
program implemented at the Kilimanjaro Centre for Community Ophthalmology partially in 
response to the results of Eriksen's study. Results from a soon-to-be published evaluation of 
this initiative indicate that a program with intensive counseling, monitoring, and contacting via 
telephone can dramatically improve short-term postoperative follow-up20 
Though the immediate and short-term postoperative follow-up periods are perhaps most 
critical for ensuring each child undergoing cataract surgery attains the best possible visual 
outcome, long-term follow-up is also necessary. As demonstrated in the present study, which 
highlights the significant incidence of secondary glaucoma as well as the inadequacy of current 
long term follow-up, new attention must be directed toward ensuring that both short and long 
term postoperative care are available for each child undergoing cataract surgery in East Africa. 
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Appendix B - Systematic Review of the Literature 
In order to review thoroughly the existing medical literature pertaining to risk factors for 
the development of secondary glaucoma following pediatric cataract surgery, a systematic 
strategy was employed. After formulating a focused research question, defining article selection 
criteria, developing a search strategy, and identifying pertinent quality criteria, I applied these 
criteria to the literature in order to assess both the internal and external validity of studies 
attempting to evaluate potential risk factors for the development of glaucoma. This appendix 
provides a brief summary of the methods and results of the literature review process. 
Although data collection also provided information to evaluate the incidence of 
secondary glaucoma, adequacy of long-term follow-up, and visual acuity outcomes for the 
cohort, the purpose of this literature review was specifically to gather information regarding risk 
factors for the development of secondary glaucoma after childhood cataract surgery. Given this 
constraint, the focused question for literature review was defined as follows: Which 
demographic, preoperative, surgical, or postoperative factors are associated with an increased 
risk of secondary glaucoma following any form of lensectomy surgery for congenital or 
developmental cataract in patients operated below the age of 18? 
As the present study sought to evaluate this question from and for the East African 
context, a preliminary literature search attempted to locate any African studies which addressed 
the question of interest. Working in collaboration with an experienced medical research 
librarian, I utilized intentionally broad and sensitive search terms with PubMed and Google 
Scholar databases to detect any potentially related studies. However, despite the intensive 
search, no studies addressing secondary glaucoma after cataract surgery in Africa were 
located. Experts in the field of African ophthalmology at the Kilimanjaro Centre for Community 
Ophthalmology concurred that there were no African studies of this subject available. 
24 
As the preliminary search for African studies returned no results, the principal literature 
search for this review was broadened to include applicable studies conducted in any part of the 
world. Utilizing the PubMed search engine with the MeSH headings and subheadings "Cataract 
Extraction/adverse effects" or "Cataract Extraction/complications" and "Glaucoma", a search in 
January 2009 returned 473 results. Further restriction of the search by imposition of limits to 
include only humans, children, and English language studies, narrowed the number of 
applicable articles to 70. Addition of the MeSH heading "Risk Factors" resulted in a final group 
of 16 studies for review. Evaluation of abstracts for each of these 16 studies led to the 
exclusion of one study which examined risk factors associated with endophthalmitis after 
intraocular surgery for congenital cataracts or congenital glaucoma.' Each of the other 15 
abstracts described studies pertinent to the focused review question; these studies were 
selected for extensive review. 
Full manuscripts for each of the selected 15 studies were obtained, and each manuscript 
was reviewed in detail. For each study a standardized abstraction form was completed, 
including sections for study design, study size, key findings, potential for selection bias, potential 
for measurement bias, potential for confounding, overall internal validity, and overall external 
validity. 
Of the 15 studies reviewed one was an expert literature review, 2 were case series, and 
the remainder were cohort or case-control studies. Several of the case-control studies were 
self-described "retrospective cohort", "case-notes review", or "retrospective case series" studies, 
and by virtue of some of their methods the majority of these titles were at least partially 
technically correct. However, as these studies employed case-control type methods and 
analyses for the evaluation of potential risk factors for secondary glaucoma, I have chosen to 
refer to them here as case-control studies. 
Published in International Ophthalmology Clinics, the literature review by Yi and Chen 
addresses not only the question of potential risk factors associated with the development of 
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glaucoma but also a number of other topics associated with aphakic glaucoma after cataract 
surgery2 The review is not systematic, does not provide critical analysis, and, as it attempts to 
summarize a broad topic in such limited space, offers only cursory insight concerning our 
question of interest. As such, the section of the paper addressing potential risk factors for the 
development of secondary glaucoma amounts to little more than a cataloguing of risk factors 
reported elsewhere in the literature. Further limitations of the review pertain to its external 
validity for our present study question. Whereas we are interested in risk factors for the 
development of glaucoma after cataract surgery for congenital or developmental cataract, the Yi 
review only considers those studies which evaluate glaucoma following surgery for congenital 
cataract. 
The two examined case series studies offer similarly limited information concerning the 
review question of interest. Kang et al completed a retrospective review of all children 
developing glaucoma following cataract surgery over a 25 year period at their Pittsburgh 
academic ophthalmology office.3 They summarize characteristics of the cohort and then offer 
conjecture concerning the relative importance of potential risk factors for the development of 
glaucoma. However, as no glaucoma-free controls were included in analysis, risk factor 
evaluation is highly speculative. For example, the authors point to cataract surgery before one 
year of age as their most significant risk factor for glaucoma, noting that 92% of the cohort 
underwent surgery before the age of one. Though the figure 92% does at first glance seem 
high, there are no corresponding figures provided for glaucoma-free controls or even all children 
undergoing cataract surgery in their source population. With this limitation, their pronouncement 
concerning the importance of operation before one year of age as a risk factor for glaucoma 
carries little weight. 
The second case series examined for this review suffered from similar limitations as the 
first. 4 Chen and coworkers suggest that young age at lensectomy, microcornea, associated 
ocular abnormalities, and total or nuclear cataract types are predictive of eventual secondary 
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glaucoma, citing purportedly high frequencies of each of these factors in the proportion of their 
cohort with secondary glaucoma. Again, however, the authors do not provide comparative 
frequencies for non-glaucomatous eyes in their source population, thereby limiting the validity of 
their findings. The authors do note that frequencies of these predictors are consistent with 
those of glaucomatous eyes in other cohort studies which demonstrated the significance of the 
same predictors. This addition marginally increases the validity of the conclusions of the Chen 
study and distinguishes this study as the better of the two case series analyzed for this review. 
Taken as a whole, the case-control and cohort studies examined for this review maintain 
a substantially higher degree of internal and external validity. That being said, the majority of 
these studies do fall prey to a common set of potential biases. With respect to measurement 
bias, not one of the reviewed cohort or case-control studies provides details about who 
completed data abstraction and whether these individuals were blinded, despite the fact that all 
studies were retrospective record reviews. Potential selection bias is most notably incorporated 
into the majority of studies by means of minimum follow-up requirements. The potential for 
significant differences in follow-up frequency and duration between groups with and without 
various risk factor exposures is high, leading to probable differential selection bias in these 
studies. 
Whereas measurement and selection biases were relatively similar across all studies 
examined for this review, potential for confounding bias was more variable. In general, the 
strongest studies tended to control for potential confounding with multivariate Cox proportional 
hazards or logistic regression models, while the other studies neglected to mention the 
possibility of confounding altogether. External validity for the examined case-control and cohort 
studies was similarly variable. The majority of studies were conducted at tertiary referral 
centers in the United States or the United Kingdom, a significant barrier to generalizability in 
resource-limited settings. Especially in the cases of the few studies analyzing the effects of 
surgically modifiable risk factors, the findings from academic operating rooms in the 
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industrialized world should be extrapolated to contrasting settings only with great caution_ 
Additional potential barriers to external validity included inconsistent definitions for glaucoma. 
Several studies defined glaucoma based on intraocular pressure thresholds between 19 and 26 
mmHg, whereas others chose to define cases based on documented physician decision to treat 
or refer. Two studies employed a combination of intraocular pressure and clinical criteria to 
define glaucoma. With such substantial variations in definitions for the outcome of interest, the 
external validity of these studies is worthy of special attention. 
Of the examined case-control and cohort studies, several distinguished themselves as 
clearly stronger than the others. Especially with regard to sample size, study design, and 
statistical methods, the works by Haargaard, Swamy, and Rabiah maintain a distinctive rigor 
and accordingly achieve a superior level of validity4 -7 
Published in the British Journal of Ophthalmology in 2007, the research by Swamy and 
colleagues sought to determine the prevalence and risk factors for secondary glaucoma 
following surgery for congenital cataract in a cohort of 423 eyes operated at a major Australian 
children's hospital 6 Specific potential risk factors evaluated in the study included age at 
surgery, family history of glaucoma, microcornea, persistent hyperplastic primary vitreous 
(PHPV), primary posterior capsulotomy and anterior vitrectomy, sex, accompanying systemic 
anomaly, follow-up time, and secondary membrane surgery. Of these potential predictors, only 
surgery before nine months of age (RR 2.9, 95% Cl1.3-7.7), microcornea (RR 3.7, 95% Cl2.0-
7.0), and follow-up time (p<0.001) were significantly associated with subsequent development 
of secondary glaucoma. 
Beyond the standard selection and measurement biases common to the majority of 
cohort and case-control studies analyzed for this review, potential for other forms of bias in the 
Swamy study was minimal. Inclusion of all eyes operated over a 20 year period, explicit 
standardization of measurement procedures and definitions, and utilization of a multivariate Cox 
proportional hazards model served to minimize selection, measurement, and confounding 
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biases respectively_ Given the fact that all operations were conducted at a large referral 
hospital in Australia and that only congenital cataract cases were included, the external validity 
of the findings should be held subject to situation and circumstance. Overall, both the internal 
and external validity of the study are very good, and the corresponding findings should be 
viewed in high regard. 
Conducted as a retrospective review at a major children's hospital in Saudi Arabia, the 
study by Peter Rabiah is another example of high-quality research investigating the influence of 
potential risk factors for the development of secondary glaucoma.7 Utilizing data collected for 
570 eyes over a period of 14 years, Rabiah examines the association of glaucoma with 8 
potential risk factors- sex, laterality, bilaterality, preoperative nystagmus, microcornea, primary 
posterior capsulotomy anterior vitrectomy, secondary membrane surgery, and surgery before 
nine months of age. Of these factors, only surgery before 9 months of age (HR 3.8, 95% Cl 1.8-
7.7), secondary membrane surgery (HR 2.6, 95% Cl 1.3-5.3), microcornea (HR 1.9, 95% Cl 1.2-
3.1 ), and primary posterior capsulotomy with anterior vitrectomy (HR 1 0.7, 95% Cl 1 .4-80.6) 
were found to be significantly and independently associated with secondary glaucoma. 
Limitations of the Rabiah study include the potential measurement bias inherent to 
retrospective reviews as well as a particular vulnerability to selection bias. Rabiah chose to 
include only those eyes with a minimum of 5 years of follow-up after surgery. Given the high 
likelihood of differential drop-out between exposure groups over this time period, the potential 
for selection bias in the findings of this study is significant. With respect to confounding bias, 
Rabiah did attempt to control for confounders by employing a multivariate Cox proportional 
hazards model. As with several of the other studies, external validity of the study is particularly 
contingent on the intended generalization. That the study was conducted at a large referral 
hospital in Saudi Arabia should be taken into consideration. 
The largest study to date investigating the effects of various risk factors for the 
development of glaucoma after pediatric cataract surgery was conducted by Haargaard and 
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coworkers, utilizing the Danish National Register of Patientss The eyes of all children in 
Denmark who underwent surgery for pediatric cataract between 1977 and 2001 were included 
in analyses to evaluate the following potential risk factors for glaucoma: type of cataract surgery, 
whether the posterior capsule was left intact, preoperative nystagmus, microcornea, whether 
cataract was hereditary, laterality, primary implantation of an intraocular lens, and cataract 
morphology. Of the examined potential risk factors, only surgery before nine months of age was 
found to be significantly and independently associated with the development of secondary 
glaucoma. 
Weaknesses of the Haargaard study are essentially limited to the selection and 
measurement biases common to all case-control and cohort studies examined for this review. 
Considerations of external validity should take into account the fact that this study was 
conducted through a retrospective review of the Danish National Register of Patients. As such, 
the study has maximal external validity when the results are extrapolated to settings with similar 
demographics and surgical services. 
Taken together, the findings of the three strongest studies examined for this literature 
review indicate that early surgery for cataract is a significant risk factor for subsequent 
development of glaucoma. Findings from the other studies, though questionable in some cases, 
provide corroboration for this conclusion. As almost all reviewed studies examined the influence 
of age at surgery and found that young age at surgery indeed predicted the development of 
glaucoma, the significance of this risk factor is highly likely. However, the exact definition of 
"young age at surgery" as a risk factor and the age threshold at which the risk of secondary 
glaucoma becomes acceptably diminished are much Jess certain. 
Many of the studies examined for this review, including the strongest studies mentioned 
above, fall prey to the potentially misleading temptation of dichotomization of a continuous 
variable. As statisticians frequently point out, continuous variables hold more information and 
should generally be left in continuous format. Dichotomization also has potential for increasing 
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Type 1 error and decreasing external validity as results based on a particular dichotomization 
point are specific to the study cohort, and the dichotomization point is often carefully picked to 
"fit" the cohort. The possible pitfalls of dichotomization of a continuous variable are evident in 
the studies examined for this review. Though many of these studies divide age at surgery into a 
dichotomous categorical variable, namely surgery before or after a certain age threshold, little 
justification or explanation is ever provided for why this particular threshold was selected. 
Furthermore, alternative thresholds and corresponding results are never provided for 
comparison to evaluate whether other cut points may indeed have been just as significant for 
predicting future glaucoma. Unlike the conclusions proffered by many of the studies in this 
review, caution should accompany any inference based solely on associations derived from 
dichotomized variables. 
Though an optimal age for surgery to reduce the risk of secondary glaucoma to an 
acceptable level is unknown, the clear association between earlier surgery and subsequent 
glaucoma remains. The actual clinical significance of this association, however, is relatively 
minimal. All studies reporting the association also go on to note that surgery should almost 
never be delayed, due to the tremendous importance of restoring the visual axis as soon as 
possible, especially in very young eyes, to prevent amblyopia and permanent loss of sight. The 
association between early age at surgery and glaucoma is still clinically significant however, as 
those undergoing surgery at a young age can be monitored for the development of secondary 
glaucoma with especial vigilance. 
To be sure, further high quality studies are required to investigate the potential risk 
factors for glaucoma after pediatric cataract operation. Several smaller studies have reported a 
protective effect from the primary implantation of intraocular lenses, though larger and better 
quality studies are required to confirm this phenomenon 8 With a better understanding of the 
factors associated with the development of secondary glaucoma, future glaucoma prevention 
efforts may seek to modify risk factors where possible and to monitor children more closely 
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when the factors can not be affected. In so doing, the vision initially restored by cataract 
lensectomy will be preserved and protected from any future threat from glaucoma, and a 
significant cause of blindness in children will be avoided. 
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Appendix C- Explanation and Justification of Methods 
Study design and methodology are summarized in appropriate sections of the 
manuscript above, but much of the background and rationale for these methods were omitted in 
the interest of concision. Here, I provide a more thorough explanation and discussion of the 
selected study methods. 
In designing this investigation of the incidence and risk factors for secondary glaucoma 
following pediatric cataract surgery, due consideration was given to both the rigor and 
practicality of the study. Though a well-planned and conscientiously conducted prospective 
study would have almost certainly allowed for a higher degree of internal validity, financial as 
well as time constraints effected the selection of a retrospective study design. Furthermore, 
with the recent implementation of a reliable and high-quality medical records system in the 
KCMC Department of Ophthalmology, accurate data appropriate for investigating the study 
questions were readily available. 
Several factors contributed to the definition of the study time interval. As one of the 
major study goals was to evaluate the adequacy of ongoing follow-up and cumulative incidence 
of secondary glaucoma at least 3 years after surgery, only those eyes operated before 2006 
were deemed eligible. Reliable medical records and a previous database recording all cataract 
operations were available for operations occurring as early as the beginning of 2003; 
consequently, we selected January 1, 2003 as the starting date for the study time period. 
Considerations of practicality also played an important role in the geographical 
demarcation of the study cohort. Though our intention was to create a study with good external 
validity across East Africa, coordination of a multi-site investigation involving cataract surgical 
centers in different countries throughout the region was well-beyond the scope permitted by 
resource constraints. However, as an increasing number of East African pediatric cataract 
operations are conducted in similar tertiary referral eye care centers, the results of this study 
34 
should be generalizable to a large proportion of patients undergoing cataract operations in the 
region. 
Other exclusion criteria were intentionally chosen to maintain consistency with the 
literature previously published on the topic of secondary glaucoma following surgery for 
congenital or developmental cataract Eyes with traumatic cataract or any of the other 
previously specified preoperative conditions were excluded for two purposes; first, each of these 
conditions is understood to be independently associated with the development of glaucoma, and 
second, these are the same preoperative conditions excluded from similar studies noted in the 
literature review. Though each of these similar studies investigating the incidence and risk 
factors for secondary glaucoma did not explicitly include all of the exclusion conditions utilized in 
the present study, in order to maximize comparability with these studies, our analyses did 
exclude all conditions omitted from the other studies. 
In prospectively determining which data to abstract from patient medical records, study 
questions and availability of information were taken into consideration. Following a review of 
the literature to catalog potential risk factors for the development of glaucoma, we inspected the 
standardized data collection forms completed at each operation and included in the medical 
record. Our eventual data abstraction strategy provided for the retrieval of all information 
necessary for the assessment of each potential risk factor for which data were available in the 
KCMC Department of Ophthalmology medical records. 
The decision to collect data at discrete time points and at each patient's most recent visit 
was made to enable the monitoring of several study parameters over time as well as the 
evaluation of cross sectional cumulative incidence of glaucoma. Date of development of 
glaucoma was recorded so that time-to-glaucoma and Kaplan-Meier glaucoma-free survival 
analyses could be completed. 
As described briefly in the manuscript body, the choice to define glaucoma as "at least 
two lOP measurements greater than or equal to 26 mmHg or documented clinician decision for 
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permanent medical or surgical glaucoma therapy" was intended to maximize threshold 
sensitivity while maintaining consistency and comparability with the literature. Other studies 
have based glaucoma diagnosis purely on lOP measurement, employing lOP thresholds 
ranging from 19 to 30 mmHg, though the majority of these studies utilize the same 26 mmHg 
cut-point chosen for this study. Other research electing a clinical definition for glaucoma 
consistently utilized the criteria of clinician decision for permanent medical or surgical therapy. 
In choosing the most standard lOP and clinical definitions for glaucoma but combining them in 
an either/or fashion, we sought to increase sensitivity and maintain consistency with the 
literature. 
Statistical analysis techniques and overall data analysis strategy for this study were 
intended to provide the most accurate and rigorous data analysis possible while also working 
within the constraints of this particular data set. As is the convention in the vast majority of 
ophthalmic research, eyes were considered the unit for all analyses in the study. However, in 
order to control for the likely possibility of intrasubject correlation, the STAT A cluster function 
was employed with each analysis. 
To measure the frequency of development of glaucoma within the study cohort, several 
different measures and several techniques for deriving those measures were available for 
consideration and are worthy of mention here. With standardized data collection at 1, 2, and 3 
year follow-up visits, the simple calculation of 1, 2, and 3 year cumulative incidences for the 
cohort was a primary option. However, as patient attendance at each of these visits was 
discovered to be suboptimal, the accuracy and reliability of manually calculated cumulative 
incidence were no longer satisfactory. I considered several manual correction techniques to 
account for limited follow-up but eventually opted for the derivation of cumulative incidence from 
a Kaplan-Meier glaucoma free survival plot. Though this method has rightly received some 
criticism in recent years for inaccuracy in the case of competing risks, such concerns were not 
salient to the present study. Derivation of 1, 2, and 3 year cumulative incidence from the 
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Kaplan-Meier curve allowed for censoring and provided confidence intervals for incidence 
measurements based on sample size and overall follow-up. 
Derivation of the incidence rate of glaucoma for the study cohort provided a 
supplementary measure of disease frequency and enabled comparison with frequencies 
reported in other studies. Though most studies of secondary glaucoma incidence report 
cumulative incidence over the study time period, comparison of frequency is limited by 
differential duration of study follow-up. By utilizing information regarding disease occurrence, 
sample size, and duration of follow-up to calculate an annual incidence rate for each study 
cohort, one may facilitate comparison between studies. 
As young age at lensectomy has been described as a key risk factor for the 
development of secondary glaucoma and as several recent papers have suggested the age of 9 
months as an important surgical age cut point for reducing the risk of glaucoma, the decision 
was made to stratify abstracted demographic and perioperative data by age at surgery before or 
after 9 months. Though bivariate correlations between all potential risk factors were examined 
as part of the analysis strategy, this particular stratification scheme enabled a careful inspection 
for potential differential allocation of other risk factors between groups operated before or after 9 
months of age. 
The decision to utilize bivariate logistic regression as the primary means for bivariate 
data analysis in this study was based on several factors. Odds ratios from logistic regression 
models are an increasingly common modality for evaluating the associations of potential risk 
factors, especially as they provide a convenient and comparable measure of association both 
before and after controlling for confounding with logistic regression. Though the prospect of 
utilizing a multiple logistic regression model was uncertain at the initiation of data analysis for 
this study, bivariate analysis with logistic regression allowed for possible extension to 
corresponding multivariate analysis if the number of glaucoma observations rendered this 
advisable. Additionally, bivariate logistic regression provided a simple means for accounting for 
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intrasubject correlation as the STAT A cluster function with logistic regression accomplishes this 
task. 
Decisions regarding the suitability and form of a potential multivariate analysis hinged 
largely on sample size, overall quality and duration of follow-up, and the frequency of glaucoma 
development. Several similar studies in the literature report adjusted hazard ratios from Cox 
proportional hazards models, but such a model requires sufficient sample size and disease 
incidence rate. Power calculations based on the present study's sample size and measured 
incidence rate indicated only roughly 50 to 60 percent power to resolve a log hazard ratio of -1 
for study covariates of interest. The advisability of a multiple logistic regression model was 
similarly hampered by low measured incidence. Approximate rules for the development of any 
multiple logistic regression model suggest preferably 10 or at least 4 positive outcomes for each 
independent variable included in the model, in order to prevent overfitting or model instability. 
As sample size and disease incidence constraints prevented the utilization of either Cox 
proportional hazards or multiple logistic regression models, statistical analyses of potential risk 
factors for association with the development of glaucoma and for associations between risk 
factors were limited to the standard bivariate techniques. Depending on whether variable format 
was categorical or continuous and whether continuous variables were normally distributed, 
Pearson's Chi-square, Spearman's Correlation, and Wilcoxon Rank-sums were employed as 
appropriate. In order to avoid the loss of information and potential incorporation of bias inherent 
with the dichotomization of any continuous variable, dichotomization was avoided for all of these 
analyses. 
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